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A B S T R A C T
Stress fractures are common injuries associated with repetitive high-impact activities, often in high-level ath-
letes and military recruits. Although predominantly occurring in the lower extremities, stress fractures may occur
wherever there is a sudden increase in frequency or intensity of activity, thereby overloading the yield point of the
local bone environment. Ischial stress fractures are a rarely diagnosed cause of pain around the hip and pelvis.
Often, patients present with buttock pain with activity, which can be misdiagnosed as proximal hamstring tendon-
itis or avulsion. Here, we report a case of a college football player who was diagnosed with an ischial stress frac-
ture which went on to symptomatic non-union after extensive conservative management. We treated his ischial
non-union with open reduction internal fixation utilizing a tension band plate and screws. This interesting case
highlights an uncommon cause of the relatively common presentation of posterior hip pain and describes our
technique for addressing a stress fracture non-union in the ischium.
I N T R O D U C T I O N
Hip pain is a common presentation in the adolescent ath-
letic population [1]. The hip itself has a complex regional
anatomy, often exhibiting similar symptoms for different
injury patterns originating from intra-articular, extra-articu-
lar or intra-pelvic etiologies. Age, sex, sport/activity level,
previous injury, genetics and environmental factors all play
an important role in determining the type of injury
incurred [1–4]. As such, the treating clinician must be
able to perform a thorough history and physical exami-
nation while maintaining a broad differential of potential
diagnoses.
While most injuries such as muscle strain may be treated
with rest and analgesics, more serious causes of hip pain
such as stress fractures may have similar presentations with
negative radiographs, making early diagnosis challenging
[5–10]. Common pain presentations which do not resolve
in the expected course should alert the treating clinician to
evaluate with more advanced studies such as ultrasound,
magnetic resonance imaging (MRI) and/or computed
tomography (CT) in select cases [1, 11, 12].
Stress fractures are common injuries associated with re-
petitive high-impact activities, often occurring in high-level
athletes and military recruits. A sudden activity increase
resulting in repetitive, cyclical loading on normal bone
leads to local cortical disruption and microfracture [5–10].
Female athletes exhibiting the ‘female athlete triad’ of low
energy availability (imbalance between nutrition intake and
energy expenditure), amenorrhea/oligomenorrhoea and
decreased bone mineral density are particularly susceptible
[3, 5–9, 13–15]. While stress fractures most commonly
occur in the foot or lower leg, fractures of the femoral
neck, pelvis and sacrum have all been described in the liter-
ature and must be included as potential causes of hip pain
[16–23]. Timely diagnosis and treatment is crucial to avoid
fracture propagation or development of symptomatic non-
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union [7, 23–26]. This was the case in our patient, an
otherwise young, healthy, male athlete who presented with
pain that was initially thought to be caused by a proximal
hamstring tendonitis or strain.
C A S E R E P O R T
We report a clinical case of a 22-year old male collegiate
football player with a 2-year history of left posterior hip
and buttock pain in the region of a previously diagnosed
proximal hamstring tendon strain. His symptoms were exa-
cerbated during sports and squats and resolved with rest.
Physical examination revealed symmetric flexion, internal
rotation and external rotation compared with the unin-
volved extremity. He had no pain with impingement test-
ing or ambulation. Previous treatments were directed
toward the presumed diagnosis of proximal hamstring
strain and included physical therapy, non-steroidal anti-in-
flammatory drug medications and cessation of sporting ac-
tivity. This non-surgical management provided partial
relief, but his pain returned during attempts to resume
football. While he had been told that prior imaging demon-
strated no pathology outside of proximal hamstring tendi-
nosis, upon presentation to our clinic, radiographs and CT
scan showed periosteal thickening with a solid black line
through the posteromedial cortex at the ischium near the
ischial spine. These findings were consistent with chronic
stress fracture and non-union. MRI was obtained of the left
hip and pelvis which demonstrated increased edema within
the non-weight bearing portion of the ischium, extending
proximally to involve the posterior column (Fig. 1A–E).
As the patient had failed multiple attempts at non-
operative management over a prolonged period of time,
surgery was indicated and he elected to proceed with surgi-
cal intervention.
The patient underwent open reduction, internal fixation
of his left ischial stress fracture through a standard
Kocher–Langenbeck posterior approach. Our institution
routinely utilizes spinal anesthesia with neuromonitoring
to assess the sciatic nerve during the approach and fixation
[19]. After take-down of the piriformis and short external
rotators, the non-union site was identified over the ischium
at the lesser sciatic notch adjacent to the ischial spine. An
osteotome was used to open the immature woven bone
posteriorly and the non-union was debrided back to
healthy bleeding bone. The fracture was then fixed using a
7-hole 3.5-mm pelvic reconstruction plate and screws as a
tension band, with a 3.5-mm interfragmentary screw placed
across the stress fracture site. Demineralized bone matrix
graft was placed around the edges of the fracture site
(Fig. 2A–C). The piriformis and external rotators were
reattached to the posterior aspect of the femur using intra-
osseus bone tunnels.
The patient was ambulatory on postoperative day 1
with crutches. He was made foot-flat weight bearing on the
operative extremity for a period of 6 weeks, and allowed
full range of motion of the hip and lower extremity. After
6 weeks, his weight bearing was progressively advanced to
full over the next 4 weeks. Postoperative radiographs
obtained at 10 weeks showed maintenance of fixation with
evidence of fracture consolidation (Fig. 3). He was cleared
for return to summer football workouts at his 10-week
post-operative visit, and he played the entire fall season
without difficulty. He noted that the operative hamstrings
did seem to fatigue easier during his football season, but he
was able to play without impairment. At 1 year post-op, he
had no complaints, and noted that he had returned to
near-symmetric strength. He had plans to play football for
one more collegiate season the following year.
D I S C U S S I O N
The hip can be affected by injuries arising from osseous,
ligamentous, muscular and neurologic structures. The
interaction and function of these structures overlap such
that injuries in one location or layer exhibit similar physical
findings to another, which can create a diagnostic challenge
in patients presenting with ‘hip’ pain [1–4, 27, 28].
Our patient exhibited posterior hip pain, which had per-
sisted for over 2 years with the diagnosis of proximal ham-
string strain. Posterior hip or buttock pain may result from
proximal hamstring tendinopathy, bursitis, avulsion or
strain of the posterior structures [19, 27, 29, 30]. While
the majority of these injuries may be treated conservatively
with activity modification, rest and anti-inflammatory
medication, refractory pain over a protracted period of
time warrants further investigation into the etiology of the
pain. Persistent or atypical hip pain may mimic more
threatening problems such as nerve compromise or com-
pression. It is important to elicit any associated back pain
or neurologic symptoms in the history, as the conditions
associated with these findings carry significant morbidity
[31]. Additionally, refractory pain may indicate a stress
fracture [1–3, 5, 6], which in some cases requires more
aggressive management. This is further complicated by the
fact that regular imaging studies will often appear normal,
delaying the diagnosis. A careful history of the timing and
chronicity of symptoms is more useful than location and
pain type. Common pain presentations which do not re-
solve in the expected course should alert the treating clin-
ician to evaluate with more advanced studies such as MRI
or CT [11, 12].
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Our patient had failed 2 years of conservative manage-
ment of his posterior hip/buttock pain, and upon presenta-
tion in our clinic, he was formally diagnosed with an ischial
stress fracture. While stress fractures are a relatively com-
mon diagnosis, ischial stress fracture is extremely rare, with
only a few reported cases in the literature [16–18, 32].
Previously, ischial stress fractures have been described after
acetabular realignment osteotomy, due to narrowing of the
posterior column and ischial cut [2, 20].
Stress fractures have numerous causes and can occur
nearly anywhere, but most commonly occur in the lower
extremities, especially in the foot or lower leg. In a survey
by Matheson et al. of 320 athletes, tibia fractures were
most common (49.1%) followed by tarsals and metatarsals
(34.1%) [5]. A more recent review of high school athletes
by Changstrom et al. showed stress fractures occurred in
389 injuries out of 51 773 (0.8%). Of these, 40.3% were in
the tibia [8].In the military recruit population, metatarsal
stress fractures are more common [6]. Stress fractures
have been described in the patellae, ribs, elbow, humerus,
sacrum or iatrogenically after bone graft harvest [10, 22,
26, 33–45]. In the hip region, stress fractures can occur in
the femoral neck, pelvis or sacrum. Clinical suspicion
should be high in high-level athletes, military recruits, and
females who exhibit the female athlete triad. A sudden ac-
tivity increase resulting in repetitive, cyclical loading on
Fig. 1. (A) AP pelvis radiograph and (B) left hip Dunn lateral radiograph demonstrating a relatively normal appearing ischium.
(C) Axial, (D) coronal and (E) sagittal CT revealing a black line and periosteal thickening (arrow) of the ischium representing the
stress fracture non-union. MRI of the left hip and pelvis demonstrate in the (F) axial and (G) coronal plane increased edema (arrow
head) in the non-weight bearing portion of the ischium and extending into the posterior column.
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normal bone leads to local cortical disruption and micro-
fracture [5–10]. Female athletes exhibiting the female ath-
lete triad are particularly susceptible to this stress reaction
[3, 5–9, 13–15].
The treatment for stress fractures, when promptly diag-
nosed, is activity modification and limited weight bearing
on the affected bone, with full healing expected in most
cases [5, 6, 24]. However, chronic injuries often require
surgical stabilization. Tension-type anterior tibial stress
fractures have an increased propensity to develop chronic
non-union due to the poor vascularity of the region and
require consistent radiographic monitoring to follow pro-
gression of healing [46, 47]. To prevent this complication,
surgical treatment with intramedullary reaming and static-
ally locked nail has been advocated once radiographs show
evidence of a ‘dreaded black line’ [48–51]. More recent
literature has shown that open treatment with debridement
and tension band plating results in successful tibial stress
fracture healing [52–55]. In their series, Zbeda et al.
treated 12 patients with 13 chronic anterior tibia stress
fractures, with a 92% rate of return to preinjury function at
an average of 11 weeks after surgery. Five of the 13 (38%)
underwent removal of hardware due to plate prominence
[55]. In Markolf et al.’s biomechanical analysis comparing
anterior tension band plating to intramedullary nailing for
anterior stress fractures, significantly less fracture gapping
was noted with bending stress using an anteriorly posi-
tioned plate [56]. There is, however, no consensus on
treatment of ischial stress fractures.
In our patient, conservative treatment and delayed diag-
nosis contributed to a chronic non-healing stress fracture of
his ischium. We recommended surgical treatment, and the
patient opted to proceed given the significant impact his on-
going pain had on his life. As the location of his stress frac-
ture was similar to an ischial avulsion, a Kocher–Langenbeck
approach was used, with visualization and debridement of
Fig. 2. Intraoperative (A) iliac oblique, (B) obdurator oblique and (C) AP fluoroscopy images left hip and ischium of the tension
plate construct. The fracture non-union site was cleared of granulation tissue and demineralized bone matrix was placed around the
fracture site.
Fig. 3. (A) AP, (B) outlet and (C) inlet radiographs from 10 weeks post-operative follow-up demonstrating intact hardware. At the
patient’s last follow-up, he was pain free and cleared to resume summer football activities.
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the fracture line and placement of a tension band plate con-
struct. [30]. While sciatic nerve monitoring has not defini-
tively been shown to decrease rates of iatrogenic palsy, it is
regularly utilized at our institution [57].
Newer research shows improved results for non-union of
stress fracture with adjuvant treatments in addition to sur-
gery. This includes addressing underlying nutritional and
metabolic deficits, as well as altering the local fracture envir-
onment [13–15, 58]. Vitamin D levels correlate highly with
quality of local bone micro-environment and reparative abil-
ity after repetitive stress. Numerous studies have evaluated
the use of vitamin D supplementation in the military and in
collegiate athletes. Patients with vitamin D insufficiency and
deficiencies show delayed healing; however, vitamin D treat-
ment alone without calcium does not appear to reduce stress
fracture risk [59–64]. In our patient, vitamin D levels were
drawn and were within normal limits.
Bisphosphonates have not yet been proven to provide a
benefit in the treatment of these injuries. In a retrospective
study, Simon et al. evaluated 25 professional athletes with
bone stress reactions (not true fractures) treated with intra-
venous ibandronate. While those treated with ibandronate
showed faster return to competition, the time to definitive
diagnosis also played a crucial role in the rate of healing.
Furthermore, there was no control group for comparison,
and patients also received concurrent vitamin D supplemen-
tation [65]. Sloan et al. performed a study comparing para-
thyroid hormone (Forteo) with alendronate in adult rats
with induced stress fractures. Rats receiving Forteo had sig-
nificant increases in bone mineral density, content, bone for-
mation and yield strength compared with those treated with
bisphosphonates [66]. There has been an increased interest
in using Forteo in the setting of high-risk stress fractures,
principally those with tendency for non-union such as fifth
metatarsal and femoral neck fractures, though definitive ef-
fectiveness has yet to be proven [67–70].
Based on a study by Hernigou and others, bone marrow
aspirate concentrate (BMAC) has demonstrated success as
an adjuvant in difficult tibial fracture non-unions [71, 72].
Currently, a double-blind randomized trial has been initi-
ated to evaluate the effect of BMAC on time to union of
fifth metatarsal stress fractures. This technique has been
described previously, utilizing a cannulated screw as the de-
livery device for injecting the aspirate [73]. However, fur-
ther research is required to prove the efficacy of BMAC in
the setting of non-union.
Finally, low-intensity pulsed ultrasound has shown
some evidence of improvement in healing rates with acute
fractures but does not appear to play a significant role in
reducing time to union in the setting of stress fracture
[74–76].
C O N C L U S I O N S
Hip pain is common in the adolescent athlete, and while
stress fractures may not be the most common etiology, the
clinician should maintain a high clinical suspicion through-
out examination and workup, especially in those with re-
fractory or atypical pain presentations. Ischial stress
fractures are rare but can closely mimic common causes of
posterior hip pain and are thus difficult to diagnose. Most
are successfully treated with conservative treatment when
recognized early. Continued repetitive stress can lead to
non-union. Failed conservative management may require
open treatment, with debridement of the fracture site and
compression plating, as described in our case presentation.
Adjuvant treatments such as BMAC and/or BMP may
have a role in chronic non-unions where the local bone en-
vironment has decreased propensity to heal.
C O N F L I C T O F I N T E R E S T S T A T E M E N T
None declared.
R E F E R E N C E S
1. Frank JS, Gambacorta PL, Eisner EA. Hip pathology in the ado-
lescent athlete. J Am Acad Orthop Surg 2013; 21: 665–74.
2. Paluska SA. An overview of hip injuries in running. Sports Med
2005; 35: 991–1014.
3. Blankenbaker DG, De Smet AA. Hip injuries in athletes. Radiol
Clin North Am 2010; 195: 605–17.
4. Tibor L, Sekiya J. Differential diagnosis of pain around the hip
joint. Arthroscopy 2008; 24: 1407–21.
5. Matheson GO, Clement DB, McKenzie DC. Stress fractures in
athletes: a study of 320 cases. Am J Sports Med 1987; 15: 46–58.
6. Waterman BR, Gun B, Bader JO et al. Epidemiology of lower ex-
tremity stress fractures in the United States Military. Mil Med
2016; 181: 1308–13.
7. Behrens SB, Deren ME, Matson A et al. Stress fractures of the pel-
vis and legs in athletes. Sports Health 2013; 5: 165–74.
8. Changstrom BG, Brou L, Khodaee M et al. Epidemiology of
stress fracture injuries among US high school athletes, 2005–
2006 through 2012–2013. Am J Sports Med 2015; 43: 26–33.
9. Mattila VM, Niva M, Kiuru M, Pihlajamaki H. Risk factors for
bone stress injuries: a follow-up of 102, 515 person-years. Med Sci
Sports Exerc 2017; 39: 1061–6.
10. Heyworth B, Green D. Lower extremity stress fractures in pediat-
ric and adolescent athletes. Curr Opin Pediatr 2008; 20: 58–61.
11. De Paulis F, Cacchio A, Michelini O et al. Sports injuries in the
pelvis and hip: diagnostic imaging. Eur J Radiol 1998; 27 Suppl
1: S49–59.
12. Wright AA, Hegedus EJ, Lenchik L et al. Diagnostic accuracy of
various imaging modalities for suspected lower extremity stress
fractures: a systematic review with evidence-based recommenda-
tions for clinical practice. Am J Sports Med 2016; 44: 255–63.










ollege user on 18 April 2019
13. Chen YT, Tenforde AS, Fredericson M. Update on stress frac-
tures in female athletes: epidemiology, treatment, and prevention.
Curr Rev Musculoskelet Med 2013; 6: 173–81.
14. Reinking MF, Austin TM, Bennett J et al. Lower extremity over-
use bone injury risk factors in collegiate athletes: a pilot study. Int
J Sports Phys Ther 2015; 10: 155–67.
15. Tenforde AS, Carlson JL, Chang A et al. Association of the female
athlete triad risk assessment stratification to the development of
bone stress injuries in collegiate athletes. Am J Sports Med 2017;
45: 302–10.
16. Smets C, Roos J, Vanlommel E et al. Stress fracture of os ischium.
Injury 1995; 26: 411–2.
17. Mowat AG, Kay VJ. Case report: ischial stress fracture. Brit
J Sports Med 1983; 17: 94–5.
18. Clarke A, Connell D. Case report: bilateral ischial stress fractures
in an elite tennis player. Skel Rad 2009; 38: 711–4.
19. Yang B-K, Yi S-R, Ahn Y-J et al. Ischial tuberosity avulsion stress
fracture after short period of repetitive training. Hip Pelvis 2016;
28: 187–90.
20. Tsuboi M, Hasegawa Y, Fujita K, Kawabe K. Pubic/ischial stress
fractures after eccentric rotational acetabular osteotomy. J Orthop
Sci 2011; 16: 38–43.
21. Malviya A, Dandachli W, Beech Z et al. The incidence of stress
fracture following peri-acetabular osteotomy: an under-reported
complication. Bone Joint J 2015; 97-B: 24–8.
22. Kahanov L, Eberman L, Alvey T et al. Sacral stress fracture in a
distance runner. J Am Osteopoath Assoc 2011; 111: 585–91.
23. Okamoto S, Arai Y, Hara K et al. A displaced stress fracture of the
femoral neck in an adolescent female distance runner with female
athlete triad: a case report. Sports Med Arthrosc Rehabil Ther
Technol 2010; 2: 6.
24. Kaeding CC, Yu JR, Wright R et al. Management and return to
play of stress fractures. Clin J Sport Med 2005; 15: 442–7.
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